This research investigated the effect of extraction method, the addition of NaHCO 3 and degradation rate of the chlorophyll extraction from suji leaves. It was confirmed that the ultrasoundassisted extraction obtained superior result than the maceration. A product having high total chlorophyll was extracted in a shorter time by using the ultrasound-assisted extraction. Based on the degradation rate analysis, it was presented that the chlorophyll degradation reaction follows the first-order kinetic models.
INTRODUCTION
Food additives are usually applied to enrich certain food characteristics, such as smell, taste, and color as a consequence of consumer requirements. In Indonesia, the maximum use of synthetic colorant as a food additive is limited as stated in the Regulation No. 37/2013 of Agency of Drug and Food Regulation. Some food colorants are not good for our health due to their toxicity 1 . Since people are now more concern about their health, they prefer to use natural food additives such as natural food colorant. Some examples of natural food colorant have been listed, and chlorophyll was one compound categorized as natural food colorant 2 . Chlorophyll has an enormous potential to replace synthetic green dye because of its abundant availability in plants. Chlorophyll Chlorophyll from plants can be extracted by modern classical methods using a solvent to obtain pigment as a solute from the plants. Some classical extraction methods were maceration, percolation, and reflux. The methods were not efficient because they consume more time and energy, involved more solvent, and may cause some degradation of target molecule 4, 5 . For this reason, an ultrasound-assisted was offered to become more efficient extraction method. The ultrasound-assisted extraction offers shorter extraction times, less solvent consumption, energy and cost saving extraction method 4, 6, 7 . In addition, the ultrasound-assisted extraction provides higher yields recovery and extraction rate compare to classical extraction as well as has been widely used to extract bioactive compound and antioxidants 8, 9, 10, 11 . Regarding of the advantages of the ultrasound-assisted extraction methods, the paper seeks to focus on the comparison of the conventional and ultrasound assisted extraction for chlorophyll extraction. Chlorophyll from plant material is readily degradable under many conditions. Degradation of chlorophyll can lead by simultaneous actions of enzymes, acidic environment, light, and heat 12 . Degradation fades the green pigment in chlorophyll and turns into a fawn. This will degrade the quality of chlorophyll as a food colorant.
Specifically, the objective of this study is to extract chlorophyll from suji leaves (Pleomele angustifolia) using two different methods, maceration and ultrasound-assisted extraction under a specific condition. The effect of various solute to solvent ratio and various amount of NaHCO 3 addition as a stabilizer were investigated. Furthermore, the study on the effect of extraction method to the chlorophyll degradation rate is evaluated by applying the specific kinetic model.
EXPERIMENTAL

Extraction of chlorophyll
In this study, Suji leaves (Pleomele angustifolia) were pretreated by washing, size reduction, and blanching. The clean suji leaves were blanched by using distilled water at a temperature of 100 o C for 1 minute. The blanching process was carried out to inhibit the action of enzyme chlorophyllase and inactivate the enzymes involved in the spoilage of fresh vegetables or plants 13, 14 . Then, the blanched suji leaves were chopped using a blender until their size was about 5 mm. The chlorophyll extraction was performed by maceration (ME) for 3 h and Ultrasound-Assisted Extraction (UAE) for 30 min. at room temperature (27 o C). The solute-solvent ratios were 1:2, 1:5, 1:10, and 1:15 with the addition of NaHCO 3 as a stabilizer at concentration of 0%, 3%, and 4% (w/w).
Analysis and Degradation of Total Chlorophyll
Chlorophyll extract obtained from the extraction process were filtered and then centrifuged at 1000 rpm for 10 min. Further, the substance supernatants were collected. One milliliter of centrifuged extract was diluted into 10 ml. The concentration of chlorophyll extract obtained by measuring the absorbance at a wavelength of 663 μm and 645 μm with UV-Vis spectrophotometer. Chlorophyll concentration measurements performed using equation 15 : C is total chlorophyll concentration, A 645 is the absorbance at 645 μm, and A 663 is the absorbance at 663 μm.
The highest values of total chlorophyll obtained from both extraction condition (both ME and AUE) were further evaluated on their degradation of chlorophyll.
Kinetic of chlorophyll degradation
Analysis of chlorophyll degradation kinetic was conducted by storing the extracts (having the highest chlorophyll values) at temperature of 7 o (cooler), 20 o C and 30 o C (incubator) during a certain time interval. The total chlorophyll for a certain time was measured by UV-Vis Spectrophotometric method. The calculation of Kinetic constant (k), half-life values (t 1/2 ), and activation energy followed the first-order degradation kinetic models 13 .
Total chlorophyll data from extracts stored at various temperatures for a certain time was used to determine the kinetics of chlorophyll extract degradation. The obtained data was then plotted to determine the degradation rate of chlorophyll extract.The plotted data followed the first-order kinetics,In ca/ca 0 = -κ.t , with average r 2 values come near to 1 as compared with the second-order kinetic model, 1/ca = κ.t + 1/ca 0
RESULT AND DISCUSSION
Chlorophyll Extraction by ME and UAE
In this section, a comparative study of the effect of extraction type (ME and UAE) and solutesolvent ratio, as well as NaHCO 3 addition on the extraction result, was investigated. The is results reported in Figure. The Fig illustrates that both ME and UAE give the same trend for the different solute to solvent ratio. However, the extraction by UAE method provides better results than the ME method. The best result was obtained at a solute-solvent ratio of 1:2 and 3% addition of NaHCO 3 at total chlorophyll value of 41,94 mg/L and 47,03 mg/L for the ME and the UAE, respectively. The similar result was reported for chlorophyll extraction from microalga Nannochloropsis spp. and Chlorella vulgaris 16, 17 showing a yield increase for the UE compared to the conventional extraction method (ME). The ultrasound-assisted extraction claimed to have superior results than the maceration due to its more efficient process. Moreover, the UAE have some advantages such as less solvent and requirement time to complete the whole extraction process, the higher purity of the final product obtain from UAE process than normally required for a conventional extraction method such as maceration 3, 9, 5 . This finding supports the results achieved in this research where the 3 h ME gave smaller total chlorophyll content of the extract than a 30 min. UAE. It should be noted that both the ME and the UAE were applied under the same condition.
Furthermore, the UAE gave superior results compared with the percolation, heat reflux, soxhlet extraction and even other new extraction methods such as supercritical fluid extraction and microwave-assisted extraction, when applied to Dunaliella salina and Harpagophytum procumbens 4, 18 . The superiority of UAE methods is mostly due to the effect of ultrasonic waves in the UAE. The waves help the material (mostly natural) to break the cells and release its contents into the solvent as an extraction medium. The ultrasonic wave induces cavitation bubbles around the cell walls, help the cell disruption, and hence there will be a good solvent penetration into the cells 6, 19 .
The addition of NaHCO 3 as a stabilizer in both of extraction methods give the same effect. In this research, the highest total chlorophyll was obtained from the extraction with 3% NaHCO 3 addition. On the contrary, the extraction without any NaHCO 3 addition provides the lowest total chlorophyll. This shows that the addition of NaHCO 3 on extraction process can increase the total chlorophyll extracted. Alkaline substances such as NaHCO 3 has been used in the blanching process of green vegetables to increase pH and maintain chlorophyll after the process 13 . The chlorophylls from plants are highly susceptible to degradation during processing. Several factors that affect its stability such as pH, solvent, the intensity of light, enzyme, oxidant, and temperature 20, 21, 22 . In general, the degradation of chlorophyll occurs due to the conversion of chlorophyll into its derivative compounds such as pheophytin through pheophytinization which makes the loss of the green color of chlorophyll. In the pheophytinization, Mg atoms in the central core of chlorophyllide will be replaced by two protons to form pheophytin and open the chlorophyll ring structure 23, 24 . The chemical reaction that resulted in the loss of Mg atom from the chlorophyll core ring will be more easily occurs in the acidic conditions. The studies about discoloration and chlorophyll degradation in coleslaw confirmed that the degradation mostly occurs at pH 4.6 25 . Figure. 2 presents the plotted data of time (days) to In ca/ca 0 to determine the degradation rate constant and slope for both extract from maceration and ultrasound-assisted extraction.
Kinetics Reaction of Chlorophyll Degradation
The Fig shows that color degradation on chlorophyll followed the first-order kinetics model. The previous study 21, 23, 26 verified that color degradation on chlorophyll was mostly caused by pheophytinization that lead to loss of green color. The pheophytinization has been said to follow the first-order kinetic model 13, 27, 28 .
In addition, it is confirmed that both the extraction methods give similar results of the kinetic model. The kinetic model of chlorophyll degradation from chlorophyll extract by ME and UAE follow the first-order reaction with the increased slope at a higher temperature of storage.
Chlorophyll degradation reaction is a depending-temperature reaction temperature 26, 29, 30 . The value of activation energy (Ea) can be According to Fig. 2 and Fig. 3 , the degradation rate constant (K), activation energy (Ea), half-life time and other Arrhenius parameters can be calculated. The activation energies values calculated by multiplying the slope of linear regression lines by the R values (1,987 kcal/mol). Table 1 shows this values for the chlorophyll extract from Suji leaves. Table 1 show that both chlorophyll extract by ME and UAE giving similar trends in different storage temperature. It was observed that the degradation rate of chlorophyll accelerated as the temperature of storage o C. This result shows that both maceration and ultrasound-assisted extraction will give the similar trends on the reaction of degradation.
CONCLUSION
The ultrasound-assisted extraction presented superior result than the maceration method. By using the ultrasound-assisted method, extract having higher total chlorophyll was obtained in a shorter time. The effect of solute to solvent ratio and different NaHCO 3 addition provided the same trend for both maceration and ultrasound-assisted method. The optimum value of NaHCO 3 addition as a stabilizer for both extraction methods was 3%, confirming the improvement of the total chlorophyll extracted. Analysis of degradation rate by kinetics models verified that the chlorophyll degradation reaction followed the first-order kinetic models. However, the chlorophyll degradation of ultrasoundassisted extraction product had a considerably better ability on the chlorophyll degradation than the product by maceration.
